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(57 ) [Abstract] 

[Problem to be Solved] The present invention relates to a sound 
material processor for an electronic musical instrument for 
dividing a sound material , created in a live performance by a 
player, into one sound. An object of the invention is to divide 
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the sound material, created in the live performance, into blocks 
of sounds appropriate to the beat speed in the performance. 
[Constitution] A sound material processor comprises: a first 
storage means for storing a parent wave formed by sampling a 
sound material made up of a series of sounds; a dividing means 
for dividing the parent wave read out by the first storage means 
into plural child waves, using a threshold to detect each sound 
rise; and a second storage means for storing the results of the 
division executed by the dividing means. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a sound material processor 
for an electronic musical instrument for dividing a sound 
material, created in a live performance by a player, into one 
sound. 
(.0 0 02 ] 
[ Prior Art ] 

There is a technique available for playing a synchronized 
performance of sound materials previously recorded in a live 
performance, such as rhythm musical instrument sounds, voices 
and various sound effects, with other sounds created in a 
different performance. For example, JP - A - H 0 7 - 2 4 4 4 8 0 

discloses a performance data processing method for an 
electronic musical instrument, which is adapted: to record a 
series of performance sounds, created in a live performance by 
a player, as PCM data; to divide the recorded performance data 
on the time axis by equal volume into blocks of plural data; 
to assign a key number (note number) to each block of performance 
data; and to read and play the block of performance data 
corresponding to the key number of a key on a keyboard or the 
like pressed by a player with the timing at which another player 
generates a performance sound, so that multi-sound recording 
synchronized with other sounds created in a different 
performance can be easily implemented. 
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[0003] 

[Problem to be Solved by the Invention] 

However, the aforementioned performance data processing 
method is adapted to divide the performance data by equal volume 
into blocks, which may cause the divided blocks not to match 
the beat. The following chart shows aspects when the 
performance in one 16- or 4-beat bar is divided into equal volume 
[0004] 



- Number by 

which 
performance 
is divided 


4 


16 


16-beat 
performance 


4 performance 
sounds per block 


1 performance 
sound per block 


4 - beat 
performance 


1 performance 
sound per block 


1/4 performance 
sound per block 



[0005] 

For example, as shown in FIG. 11(a) , 16-beat performance data 
is divided into four blocks, and each bl.ock consists of four 
performance sounds. When the 16-beat performance data divided 
into four blocks is synchronized with other performance sounds 
whose performance speed is half of this 16-beat performance data, 
each time the player presses a key with the timing of another 
performance sound, four performance sounds in one block 
assigned with a key number corresponding to the pressed key are 
played at the same tempo as the original performance data, as 
shown in FIG. 11(b). This results in a blank between sounds 
produced by the current and next key presses, which generates 
unnatural performance sounds. 
[0006] 

If the 16-beat performance data is divided into 16 blocks, 
that is, each block has a single performance sound, then this 
single performance sound is played per key press with the timing 
of another performance sound, resulting in no problem. 
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[0007] 

in addition, as shown in FIG. 11(c), 4-beat performance data 
is divided into four blocks, and each block consists of a single . 
performance sound. This results in no problem at all . However, 
as shown in FIG. 11(d), if the four-beat performance data is 
divided into 16 blocks, that is, each block has a one-fourth 
of a single performance sound wave, reproduction thereof sounds 
unnatural: 
[0 008] 

As a countermeasure against these problems, the 
aforementioned performance data processing method may be 
adapted to select the number of blocks to be divided as required. 
Nevertheless, this method is not applicable to the case where 
only part of the performance is played with a faster beat. 
[0009] 

Therefore, an object of the present invention it to divide 
a sound material, created in a live performance, into blocks 
of sounds appropriate to the beat speed in the performance. 
Another object of the invention is to immediately and 
automatically perform individual data resulted from the 
division . 
[0010] 

[Means for Solving the Problem] 

In order to solve the aforementioned problems, a sound 
material processor for an electronic musical instrument of the 
present invention comprises: a first storage means for storing 
a parent wave formed by sampling a sound material made up of 
a series of sounds; a dividing means for dividing the parent 
wave read out by the first storage means into plural child waves, 
using a threshold to detect each sound rise; and a second storage 
means for storing the results of the division executed by the 
dividing means. Using the threshold in such a manner allows 
the sound material to be. divided into blocks appropriate to the 
beat speed in the performance. 
[0011] 

The aforementioned dividing means may be adapted to include 
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another means for redividing one of the divided child waves, 
which still has at least two sounds, into additional plural 
child waves, using a threshold different from the threshold used 
for the first division to redetect sound rises of the child wave 
to be re divided. 
[0012] 

Alternatively, the aforementioned dividing means may be 
adapted to include another means for redividing one of the 
divided child waves, which still has at least two sounds, into 
additional plural child waves, by specifying a temporal 
position on the time axis of the child wave to be redivided. 
[0013] 

The sound material processor for an electronic musical 
instrument according to the invention further has: a 
designation means for designating each of the divided child 
waves; and a reproduction means for reproducing the child wave 
designated by the designation means. Sequentially designating 
each child wave by such designation means can result in 
reproduction of the original parent wave. 
[0014] 

The sound material processor for an electronic musical 
instrument according to the invention further has: a sequence 
data creating means for creating sequence data including 
information about the timing at which the child waves sound in 
series based on the child wave data resulted from the division 
and stored in the second storage means. Based on this sequence 
data, the individual divided child waves can be immediately and 
automatically played, and the original parent wave can 
therefore be reproduced. 
[0015] 

As well as a means for reproducing the sequence data, the sound 
material processor for an electronic musical instrument 
according to the invention further has: a reproduction means 
for reproducing each child wave based on the sequence data; and 
a synchronization means for synchronized play with another 
performance data by matching the timing information of the 
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sequence data with timing information of another performance 
data at the time of reproduction by the reproduction means. 
Using such synchronization means facilitates synchronized play 
with another performance data. 
[0016] 

[Embodiment of the Invention] 

An embodiment of the present invention is described with 
reference to the accompanying drawings as follows. FIG. 2 is 
a block diagram, showing an electronic musical instrument as 
an embodiment of the present invention. The electronic musical 
instrument has a function to divide performance . data and 
synchronize the divided performance data with tempo information. 
The electronic musical instrument system includes: a central 
processing unit (CPU) 1 for executing performance data dividing 
process and the entire control; a read only memory (ROM) 2 for 
storing a program and the like for controlling the entire 
system; a random access memory (RAM ) 3 for storing the 
performance data and being used as a working area for the CPU; 
a display section 4 and an operator section 5 for checking and 
operating a control parameter; an A/D converter section 6 for 
inputting the performance data; a D/A converter section 7 for 
outputting the performance data; a tone cooler controller 
section 8 for controlling a tone color of the output performance 
data and the like; and a MIDI input/output terminal 9 for 
inputting/outputting the performance data and MIDI clock data. 
[0017] 

FIG. 3 shows an example of an operator panel for operating 
the electronic musical instrument. The operator panel is made 
up of the display section 4 for displaying the control parameter 
and the like, and the operator section 5 for implementing 
various operations such as setting the parameter. Various 
operators 51 to 55 form the operator section 5. Reference 
numeral 51 denotes a dial type of rotary encoder for setting 
the parameter by changing parameter values displayed on the 
display section 4. The parameters set by the rotary encoder 
51 include threshold level, start point, end point, pitch, and 
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level. Reference numerals 52 to 54 denote a switch for 
selecting between YES/NO commands, an analyze switch for giving 
the command to execute the performance data dividing process; 
and a parameter selection switch for selecting a parameter to 
be displayed on the display section 4 , respectively. Reference 
numerals 55x to 55 4 denote reproduction switches for allowing 
the divided performance data to sound for checking. Indeed, 
the number of reproduction switches to be prepared is equivalent 
to the number of divided child waves, although the drawing only 
shows an example with four reproduction switches. 
[0018] 

A series of performance data, which has not yet been divided, 
is referred to as parent wave herein, while each of the 
individually divided performance data is referred to as child 
wave. The reproduction switches 55,. to 55 4 are adapted to 
respectively correspond. to the plural divided child waves, as 
will be discussed later. Pressing either one of the 
reproduction switches 55 x to 55 4 allows its corresponding 
divided child wave to be reproduced. In the case where there 
are several parent waves to be covered by the dividing process , 
the reproduction switches 55 x to 55 4 are also adapted to 
respectively correspond to these parent waves. Pressing 
either one of the reproduction switches 55 x to 55 4 concurrently 
with pressing the analyze switch 53 allows entering the 
performance data restructuring mode for the parent wave 
corresponding to the pressed reproduction switch. 
[0019] 

Operation of the electronic musical instrument of this 
embodiment is described. The principle operation is initially 
described with reference to FIG. 1. 
[0020] 

FIG. 1 shows an example in which certain performance data is 
divided, in which FIG. 1(a) shows a waveform of an original 
parent wave and FIG. Kb) shows an aspect of the dividing process 
Bar lines forming the waveform in the drawing indicate their 
respective sample values of a sampled sound waveform from the 
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performance. As shown in FIG. Kb), a first threshold level 
THl is set for the parent wave, and one division block is defined 
by portion that the parent wave exceeds the first threshold 
level THl, then decreases to THl or lower, and then exceeds THl 
again. This results in seven divided child waves. 
[0021] 

In such a case, the first, second, third, fourth, sixth and 
seventh child waves individually have a single peak value for 
the performance sound per block. In other words, these child 
waves individually include its single performance sound. In 
contrast, the fifth child wave has two peak values per block, 
that is, it includes two performance sounds. This requires the 
fifth child wave to be further divided. Thus, the fifth child 
wave is designated and another appropriate threshold level TH2, 
which is greater than the first threshold level THl, is reset 
to retry the second division. As shown by the example of FIG. 
Kb), the second division allows the fifth child wave resulted 
from the first division to be further divided into two. This 
results in total eight divided child waves after the second 
division. 
[0022] 

For the purpose of preventing a peak value, allegedly derived 
from the noise, from defining a block, a minimum time period 
per block is preset at e.g. 100ms, and in the event that a block 
is to be defined shorter than the preset minimum time period, 
it may be automatically incorporated into the following block. 
[0023] 

The following describes a process for executing the principle 
operation. FIG. 4 is a flowchart of a routine for restructuring 
the performance data. In a panel process routine, designed to 
scan the panel switches to check the status thereof, of the main 
routine (not shown), the routine f or . r e s t rue tur ing the 
performance data is read out, taking advantage of detecting 
which one of the reproduction switches 55x to 55 4 is pressed 
with the analyze switch 53 being pressed. The parent wave, 
which corresponds to the pressed reproduction switch, undergoes 
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the performance data restructuring process. 
[0024 ] 

When the process enters the performance data restructuring 
mode, it checks whether or not the applicable parent wave has 
already been divided (step S2) . If the parent wave has already 
been divided, the process selects, by pressing a specific switch, 
either a play mode for r epr oduc ing the divided performance data 
or an analyze mode for redividing the performance data (step 
S3). If selecting the play mode, the process completes the 
routine for restructuring the performance data (step S10) . If 
the process determines that the parent wave has not yet been 
divided in the step S2, it enters the analyze mode. 
[0025] 

In the analyze mode, the process searches for a maximum and 
minimum value of the sample values forming the applicable parent 
wave (step S4), defines a value, obtained by subtracting the. 
minimum value from the maximum value and dividing by 128, as 
the scale of resolution, and presets a threshold (sense value) 
using the operator based on the resolution (step S5). An 
operating person may manually preset the threshold by visually 
adjusting the value displayed on the display section 4. 
Alternatively, the control program may automatically preset a 
value specific to the first and second dividing process. As 
for presetting the threshold, delaying the display of the 
waveform of absolute values for the parent wave helps a user 
easily preset the threshold. 
[0026] 

After the threshold is completely preset, an inquiry about 
whether or not the division is executed is displayed on the 
display section 4. If the division is to be performed, an YES 
switch 52 is pressed. If it is not to be executed, a NO switch 
52 is pressed (step S6) . The dividing process is executed by 
pressing the YES switch 52 (step S7). The routine for 
restructuring the performance data is completed by pressing the 
NO switch 52 (step S10) . Details of the dividing process (step 
S7) will be described later with reference to the flowchart 
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shown in FIG. 5 . 
[0027] 

After the dividing process is completed, sequence data is 
created based on the divided performance data and the timing 
for producing sounds. A method for creating the sequence data 
will be discussed later. 
[0028] 

After the dividing process is completed, an inquiry about 
whether or not the dividing process is re-performed is displayed 
on the display section 4 (step S9). Since the sequence data, 
for playing the individual performance data (child waves) 
divided through the last dividing process, are assigned to the 
reproduction switches 55i to 55 4 , operating the reproduction 
switches 55i to 55 4 allows the corresponding individual divided 
performance data to be reproduced for checking. Reproducing 
and checking these performance data in such a manner permits 
a user to audibly determine whether or not the parent wave is 
properly divided. Thus, if it is properly divided, the "NO" 
command, that is, no more execution, is given by pressing the 
NO switch 52. If the parent wave is not properly divided, the 
"YES" command, that is, re - execution , is given by pressing the 
YES switch 52. One of the options can be selected at this moment 
through operating the operator section 5 while viewing the 
display on the display section 4. One option is ALL selection, 
more specifically, re-executing all the steps of the parent wave 
dividing process from the beginning by resetting the threshold. 
The other option is partial re-execution of the dividing process 
for only part of the child waves, which could not be properly 
divided, by resetting the threshold. 
[0029] 

When the "YES" command for re-execution is given, the process 
repeats the steps S5 to S8. Only part of the child waves are 
divided by resetting the threshold, which means this is at least 
the second time the dividing process is executed. Repeating 
the dividing process in such a manner allows the parent wave 
to be divided into child waves such that each child wave can 
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eventually consist of only a single performance sound. 
[0030] 

The performance data dividing process is described with 
reference to the flowchart shown in FIG. 5. A pointer PTR is 
set at the beginning of the performance data for the parent wave 
to be divided (step S7 02) . The pointer PTR is then incremented 
by one sequentially, which allows a point at which the wave 
undergoes the dividing process to be indicated by the number 
of samples. When the command of re-execution is given in the 
step 9 of the flowchart of FIG. 4, if the ALL selection 

( re - execution of all the steps of the dividing process) is taken, 
then the pointer PTR is. set at the beginning of. the parent wave, 
or if a certain child wave is selected, the pointer PTR is set 
at the beginning of the certain child wave. 

[0031] 

Next, a start point (the beginning point of the block for the 
first child wave) is preset as a parameter for the child wave. 
In other words, the start point is written into a parameter 
buffer for storing the start point for the child wave (step S70.3) . 
Also in this case, if the ALL selection is taken in the step 
S9. for re - execution , then the start point, set at the beginning 
of the parent wave, is written into the parameter buffer for 
the first child wave, or if a certain child wave is selected, 
the start point that has already been written into the parameter 
buffer for the certain child wave is used without change. 
[0032] 

In addition to that, an a f t e r - men t i oned end point (a rearmost 
point of the block for the child wave) is also written into the 
parameter buffer for this certain child wave. 
[0033] 

Then, a FLAG is turned OFF (step S7 04 ) . The FLAG is designed 
to identify a beginning of the next child wave and be turned 
ON by the fact that a sample value of the child wave is smaller 
than the threshold (sample value < threshold). Then, if the 
FLAG, remaining ON, detects a sample value greater than the 
threshold (sample value = threshold), this indicates a 
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beginning of the next child wave. 
[0034] 

In the above description, the FLAG is inverted when the sample 
value is smaller than the threshold. To be more specific, in 
order to prevent the FLAG from being incorrectly inverted when 
the sample value is in the vicinity of a z e r o - c r os s ing point, 
the FLAG is adapted to be ON for the first time after a 
predetermined times of confirmation that the sample value is 
actually smaller than the threshold. Alternatively, a maximum 
value of absolute values per 10 ms, for example, is sequentially 
compared with the threshold, as another embodiment. Each 
amplitude shown in FIG. 1 or FIGs. 10(a) to (d) indicates the 
maximum value of the absolute values per 10ms. A dividing point 
is determined based on this maximum value. 
[0035] 

After that, the amplitude level (sample value) of the 
performance data is found per sample using the pointer PTR to 
determine whether or not the sample value is greater than the 
threshold (step S7 0 5 ) . If the sample value is greater than the 
threshold, that is, the performance sound is detected (step 
S7 0 5 ), then a determination is made whether or not the FLAG is 
ON (step S7 0 6 ). If the FLAG i s OFF, the pointer PTR is 
incremented by one (step S7 07) to compare the threshold with 
the next sample value (step S705). 
[0036] 

If the sample value is lower than the threshold, that is, a 
determination is made that the detected performance sound was 
completely played, the pointer PTR is incremented by one while 
the FLAG is turned ON (step S7 08 ) to compare the threshold with 
the next sample value (step S705) . 
[0037] 

The FLAG is determined to b.e ON in the step S7 06, which means 
that another performance sound is detected after the 
determination that the performance sound was completely played. 
In other words, the beginning of the block for the next child 
wave is detected. In this case, a determination is made whether 
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or not a length of the child wave reaches a certain length (step 
S7 09 ) . If it does not reach the certain length, then there is 
a higher possibility that what was supposed to be a detected 
performance sound is allegedly noise. Thus, the FLAG is turned 
OFF again (step S710), and the pointer PTR is incremented by 
one (step S7 07 ) to compare the threshold with the next sample 
value again (step S705). The reason, for making the 
determination if the length of the child wave is equal to or 
greater than the certain length in the step S7 0 9 is because of 
removing noise, as described above. Renumbering the child 
waves to be consecutive is also required. 
[0038] 

If the length of the child wave'reaches the certain length 
(step S7 0 9 ) , an end point of the child wave is written into the 
parameter buffer, for storing the end point, and the FLAG is set 
to OFF (step S711). This allows certain point s on the parent 
wave to be written as its start and end points into the parameter 
buffer for the child wave as the results of the dividing process. 
This defines a point, at which the FLAG is. turned OFF, as a 
division point. To be more specific, a point, which first turns 
positive or crosses zero immediately before the division point 
thus defined, is defined as a start address and therefore an 
address before the start address is defined as an end address. 
[0039] 

In this embodiment, the end and start addresses are detected 
at the above point in time. Alternatively, a next zero-crossing 
point, which is obtained immediately after a predetermined 
number of times that a sample value is lower than the threshold 
level, may be defined as the end address of the child wave. The 
start address of the next child wave may be a z e r o - c r o s s i ng 
address, which is obtained immediately before the sample value 
exceeds the threshold level, as described above. Further, 
threshold levels for detecting the end address and the start 
address may be separately preset. 
[0040] 

Next, the pointer PTR is incremented by one (step S712) to 
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refer to the next sample value, and a determination is made 
whether or not the next sample value reaches the end of the wave 
to be divided (step S713) . If it does not reach the endof the 
wave, a start point for the next child wave is written into a 
parameter buffer for storing such start point (step S714) to 
repeat the process from the step S7 0 5 onward. If it reaches 
the end of the wave, the routine for the dividing process is 
completed (step S715). 
[0041] 

Now, a method for creating sequence data for the parent wave 
based on the plural child waves resulted from the above dividing 
process is described with reference to FIGs. 7 and 8.. As shown 
in FIG. 7, based on the plural child waves resulted from the 
above dividing process and their parameters, a wave number is 
given to each child wave in order from the first child wave. 
Concurrently, with respect to the start point for each divided 
child wave, a gate time is calculated, according to the timing 
at which the child wave sounds, to create the sequence data. 
The gate time refers to an interval between the sounds of a child 
wave and the next child wave. The sequence data is constituted 
as [gate time + child wave number] . After the lapse of the gate 
time, the sound of the child wave is reproduced from its start 
to end points. The data of the gate time and child wave number 
is respectively one byte. 

[0042] 

The procedure for creating the sequence data includes the 
following steps. 

(1) Assuming the start point for the first child wave to be 
reproduced (the wave number of 1 in the chart) as the first gate 
time. 

(2) Assuming a value, obtained by subtracting the start point 
for the first child wave to be reproduced from the start point 
for the second child wave to be reproduced, as the second gate 
time. 

(3) Assuming a value, obtained by subtracting the start point 
for the N th child wave to be reproduced from the start point 
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for the N + l th child wave to be reproduced, as the N fc gate time. 
(4) Assuming the last wave number as "FF." Completing 
reproduction at the time of reproducing the sound of the child 
wave with the number "FF." 
[0043] 

FIG. 7 shows an example of the parameters for the child waves 
for creating the sequence data. FIG. 8 shows an example of the 
sequence data created. A hexadecimal digit is, used for 
displaying the start/end points and gate time. In the event 
that the gate time exceeds the length of "FF," the next one byte 
is also used for this gate time. FIG. 8 shows an example in 
which the fourth gate time has a length of "FF + 13." As the 
performance tempo is changed, a value of the gate time is changed, 
accordingly . 
[0044] 

The aforementioned child wave numbers, that is, the individual 
divided child waves, are assigned to the corresponding 
reproduction switches 55i to 55 4 . 
[0045] 

Alternatively, a note number (key number) may be assigned to 
each child wave number. FIG. 9 shows an example for that. This 
example shows four types of parent waves, A, B, C and D, each 
of which is divided into 16 child waves, such as A-l to A16, 
B-l to B16, CI to C16, and Dl to D16, respectively. The 
corresponding note numbers are automatically assigned to the 
child waves in order, beginning with the child wave A-l, as shown 
in FIG. 9. This results in creation of the sequence data 
consisting of [gate time + note number] . Arranging the note 
numbers in the sequence data in the order of the scale allows 
clear reproduction of the original performance sounds of the 
original parent wave based on the sequence data. 
[0046] 

The aforementioned example for the sequence data shows that 
the timing information included in the sequence data is 
represented by the gate time, which varies depending on the 
performance tempo. Other than that, the timing information may 
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be represented using MIDI clock, so that the timing information 
may be matched with the performance tempo by external MIDI 
clock . 
[0047] 

For example, where Fs [Hz] is a sampling frequency of the 
parent wave, a required time period per sample is represented 
as 1 sample = 1/Fs [sec], in which tempo for the parent wave 
is defined as T[bpm].' This scale [bpm] indicates the number 
of quarter notes per minute. Since a single quarter note 
corresponds to 24 MIDI clock, a length of MIDI clock, T 

CL K ' IS 

represented as T clk =T/60*24 [sec]. Thus, a time interval 
between sounds produced from the first and second child waves 
is represented as (N 2 -N 1 )/F s [sec] = [ (N 2 -Nj /F s ] / [T / ( 60 x24 ) ] 

(scale [MIDI clock] ) , where Nj. is start point for the first child 
wave, and N 2 is start point for the second child wave. 

[0048] 

In such a manner described above, the timing information, 
included in the sequence data, is represented using MIDI clock. 
This makes it easier to synchronize sounds of the parent wave 
reproduced based on the sequence data with other reproduced 
sounds of another performance data, by controlling, the timing 
information included in the sequence data, using internal or 
external MIDI clock. 
[0049] 

Now, description is made for reproduction process for the 
sequence data created. FIG. 6 is a flowchart of a routine for 
reproducing the sequence data. The reproduction r o utine is a 
panel processing routine included in the main routine (not 
shown), which is read out and executed by pressing either one 
of the reproduction switches 55i to 55 4 (step Sll). 
[0050] 

The first one byte of the sequence data, that is gate time, 
is stored in a counter area (step S12). If the value stored 
indicates "FF," the FLAG is turned ON. This value stored in 
the counter area serves as a counter since the value is 
sequentially decremented per predetermined time period. A 
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pointer is placed at the beginning of the sequence data. The 
pointer is designed to manage the progress of reproducing the 
sequence data by byte. 
[0051] 

Next, a timer starts-up (step S13) . A timer interrupt occurs 
every time the timer shows a lapse of a predetermined time period. 
The process determines whether or not a timer interrupt occurs 
(step S14). If the process receives the timer interrupt, the 
value preset in the counter area (gate time) is decremented by 
one (step S15). The process determines whether or not the 
counter value is equal to or lower than 1, and if the counter 
value is other than "0, " it continues to be decremented per timer 
interrupt (steps S14 to S16). 
[0052] 

If the counter value becomes "0" (step S17) , which means that 
the preset gate time has elapsed, the pointer is incremented 
by one (step S17) . With reference to the FLAG , a determination 
is made whether or not the data (gate time) preset in the counter 
area indicates W FP" (step S18). If the data indicates "FF" 
(step S714), the gate time should be "FF + oo," as previously 
described for creating the sequence data. This means that the 
gate time has not elapsed yet while the counter value continues 
to be decremented. Thus, data, one byte next to the data W FF," 
that is, the remaining gate time oo, is read out of the sequence 
data and is stored in the counter (step S19) . The counter value 
is repeatedly decrement until it becomes "0" (steps S14 to S19) . 
[0053] 

In the determination in the step S18, unless the next data 
indicates M FF , " the FLAG is reset to OFF and the child wave number 
is stored in a work area to set the data for the next gate time, 
read out of the sequence data, on the counter (step S20). 
[0054 ] 

After that, the child wave reproduction process is executed 
(step S21). After the child wave reproduction process is 
completed, a determination is made whether or not the sequence 
data is ended (step S22) . The process from the step S14 to the 
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step S22 is repeated until the sequence data is ended. If the 
sequence data is ended, the routine for reproducing the sequence 
data is completed (step S23). 
[0055] 

For reproducing the child waves, tone color control may be 
performed per divided performance sound by the tone color 
controller section 8 which controls a tone color for every 
divided child wave read out. The tone color control may be 
adapted to control the tone color for the child wave read out 
in accordance with the information about the tone color control 
externally inputted., In addition, the tone color controller 
section may control the tone color and the like for every divided 
performance data, using information about controlling the tone 
color and the like recorded on the sequence data created. 
[0056] 

In the aforementioned embodiment, when the tempo becomes 
faster, which results in blended sounds produced by two 
consecutive child waves, the sound for the later -one of those 
child waves precedes the sound for the earlier one by deadening 
such earlier sound or cross-fading the blended sounds. 
[0 0 57] 

Various embodiments may be employed to carry out the invention. 
As one example shown in the aforementioned embodiment, if the 
first dividing process results in one of child waves having at 
least two performance sounds, the second dividing process is 
executed with a different threshold to further divide such child 
wave. However, the present invention is not limited to that. 
An operating person may listen to the reproduced child wave 
having at least two performance sounds to know which temporal 
position of the child wave each performance sound is at, and 
specify a point, at which the second division is performed, on 
the time axis of the child wave with time as a parameter through 
manual operation, thereby further dividing the child wave. 
[0058] 

In addition, in the aforementioned embodiment, a block, which 
has more than one performance sound resulted from the first 
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division, is redivided at least once with a different threshold, 
thereby further dividing the block so as to only have a single 
performance sound. Alternatively, ■ plural thresholds are 
initially preset to compare the parent wave with each of the 
plural thresholds and to save all the comparison results. At 
the time of completion of this comparison process, only a single 
time of division is performed based on those comparison results, 
such that all the blocks individually have only a single 
performance sound. 
[0059] 

The aforementioned embodiment also describes, as a method for 
synchronizing the sequence data for the parent wave with another 
performance data, a change in gate time as well as a MIDI clock 
control by representing the timing information using MIDI clock. 
However, the present invention is not limited to that. For 
example, while the sequence data remains unchanged, 
reproduction timing may be relatively varied. To be more 
specific, in the routine for reproducing the sequence data shown 
in FIG. 6, the timer, adapted to start in the step S13, may be 
designed to preset a certain value of its timer counter TC, which 
is decremented by one per given time interval. Then, when the 
TC value is equal to 0, the timer interrupt occurs. This allows 
the timer interrupt to occur more frequently with a TC value 
preset smaller, while allowing the timer interrupt to occur at 
a longer interval with a TC value preset greater. Thus, in order 
to change the reproduction timing internally, a certain TC value 
may be preset internally. In turn, in order to change the 
reproduction timing externally, such a certain TC value may be 
preset using an external clock. 
[0060] 

In addition, in the aforementioned embodiment, in order to 
reproduce the divided performance data (child wave) , a portion 
corresponding to such child wave is read out of the original 
performance data (parent wave) . Alternatively, the 

performance data associated with a section between the start 
and end points resulted from the division may be separately 
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written into a memory as performance data for each child wave. 
[0061] 

[Effect of the Invention] 

As described above, the present invention allows a sound 
material, created in a live performance, to be divided into 
blocks appropriate to the beat speed in the performance. Using 
the sequence data resulted from the division, the present 
invention also allows the performance data for the individual 
divided child waves to be immediately and automatically played. 

[Brief Description of the Drawings] 

FIG. 1 is an explanatory view for principle operation of an 
embodiment of the present invention. 

FIG. 2 is a block diagram of a processor according to the 
embodiment of the present invention. 

FIG. 3 shows an example of an operation panel of the processor 
according to the embodiment of the present invention. 

FIG. 4 is a flowchart of a routine for restructuring 
performance data to be executed by the processor according to 
the embodiment of the present invention. 

FIG. 5 is a flowchart of a routine for performance data 
dividing process to be executed by the processor according to 
the embodiment of the present invention. 

FIG. 6 is a flowchart of a routine for sequence data 
reproduction to be executed by the processor according to the 
embodiment of the present invention.' 

FIG. 7 is a chart showing an example of child wave parameters 
for creating the sequence data for the processor according to 
the embodiment of the present invention. 

FIG. 8 shows an example of the sequence data for the processor 
according to the embodiment of the present invention. 

FIG. 9 is a chart, showing an example in which a note number 
is assigned to each child wave number. 

FIGs. 10(a) to 10(d) show a division into blocks to describe 
a problem of difficulty in matching the divided blocks with 
different beat speeds in the performance to each other. 
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[Description of Reference Numerals] 
1 : CPU 2 : ROM 

3: RAM 4: display section 

5: operator section 6: A/D converter section 

7: D/A converter section 8: t on e c o 1 o r c on t r o 1 1 e r s e c t i o n 

9: MIDI input /output ' sec t ion 

51: rotary encoder 52: YES/NO switch 

53: analyze switch 54: parameter selection switch 

55i - 55 4 : reproduction switch 
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Example for 



setting point 
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Example of block diagram according to embodiment 
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Example of operation panel 
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Performance data dividing process flow 
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Flowchart for reproducing sequence data 
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Example for creating sequence data 
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Example of sequence data 
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Example for assigning note number to 
individual divided wave 
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fcMUT^^^S^SrW^-TS Uf77 p S 7 0 9) . 

7^FLAG5S^7i:lt Uf7^S7 10) , 
^>^^IItI (Xf7^S 7 0 7) . fc<0*3ry?)V 
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>h^«b. Nf B(:S4$n^^x-ycoTO^> 

©*»<B^x- "FF" tt^o «^B#tC 

<D "FF" #^^t5<h^5^ S^^^T^-tt 30 

[0 0 4 3] 0 7 £tt5/— ^r>Xf- ^fPj5£<Z>/t*<0? 
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ctoTr^tti$tiT®f^n6 Uf7ys i i) o 

[0 0 5 0] *-*\ >/-jr>Xf-J©Jl5aoi/Hh 

Ur7/'s i 2) o "ff" -c&n 
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V>*\Z#mis Uf<y/S 1 9) > r o J t 20 

S 1 9 ) o 

[0 0 5 3 ] 1 8a>*fl5£K:i3V>T> *<£>^- 

"FF" T&ttnte\ ^ySr^tcU-fey hi, 

[0054] ^<D'&, TOjL-y'(Dn&mm$:fto (x 
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*lC*t?<^T — 1 =JSrc»(D^ U >y ^7 tC^fJbT^ < 
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9tc* -immmm-Q i toa^att t c = o k& 

n^y-x ^ >tf&ft%ifr*>'&*-Z>&&z\*z:<D9'( 

[0 0 6 0 ] Sfc±i«(D*Jfi«-C«. »«lt»#r- 
(fi'Jx-T') ^fifO^x- ^CttJfrr^Mdf^SB 

^ * s-t- *i7 x - ?(d mm?- 9 1 l ts»j ^ ^ ^ u 

iC#^J^O^ ^ IT feet 
[0 0 6 1 ] 
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